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SCOPE OF WORK

Terms of %Wplement provide: "Contractor, as an Inde-

pendent Contractor and not as an agent of the Government,

shall continue to devote Its best efforts and facilities for a

period of twelve months from the effective date of thin sup-

plemental agreement In research and investigation of the sen-

sitivity of e plosives to setback pressure. Pursuat thereto,

It is understood that Contractor shall engage in approximately

1500 additional shots or firings.



SUMMARY

Under the sionsorebip an, d frtI o Ficatinny Arsenal, Mr. !ft.omucl

8tein, Project Officer, we have been investiting the principal factors believed

to contribute to increased ensitivlt.' of high explosives to "setback" pressures.

An Initial survey o( cavtation as a major cans. of increased sensitivity

ot Composition 15 has been completed. Supplementary work, based an this initial

survey, is now underway. This supplementary work has broadened our nwstigp-

tion to include grit additive and rough interior-wall finishes, with ckvitation, as

principal factorsl In increased sensitivity of C^mpoltion B.

L GENERAL

The first part of our current effcZi wm.st& of "stircase" teoting of

various combinations of cavitation, added grit, and roughened interior surfaces

ot sample sleeve to determine the general statistical behavior caused by these de-

fects in samples of Composition B.

A first run-through on "staircase" testing provided a number of test

conditions in which normal stalrere tasting could not be maintained because o(

the physical limits of the test fixture. We had set 70, 000 pounds-per-,quare-inch

setback pressure as our limait, in order to prevent damage to the fixture. The less

sensitive conditions, where 50% of the samples could be expected to detoni*e at

70, 000 pot, or aibove, were not completed to sixteen samples for each test condi-

tion, but were stopped after the flrst run. through of eight samples. We have now

been requested to complete these series to sixteen samples, still maintaining our

70, V100 psi limit.

We are now conducting single-pressure-level testing, designed to deter.,

mine. lower prob hlty-of-detot'i l~Wole, where 7%- 10% o the samples are ex-



CurP;2 dentia-l 4

i'.ct~d to MOWS~t. Iase singie..presuure- level te*s ame pbannd for tke znore
asmsattv en --VA- conditions.

11. TIME Rn'ERXMRNTAL APPARATUS

71w eXWimenta appszutus is essentially a pletam-cylinder machine. the
Piston wt on a Glev-nd-Pteb asemnbw containing the sample to be tested.
The force an the ipzton Is dereloped by buzrnlng a areully wevighed qntifty of Or*-
pellant powder Inl tW cylinder. This quntity varies from oz. to five grams, ap-
Prwdmatly, to prWOdc desired "sthck" prMUMeS from about 10, 000 to 70, 000
PO~ndspsr-squarteinch on the sample pellet. The sample pellets are Cylindrical
and hav, basic dimensions oft one-:balf Inch diameter and one-Inti !erath. The pro-
pellant s"e In M-9 60 mm. mortar propellant. Pressure WOeasuremet are Made
bT Baldwin. igh Frequency Pressurp Cell and, recently, a cell provided by pica".
t1niW Arsenal. Pressure Is recorded by camera from an osdillograph.

During all of thin taking, we have encountered a number of difficulties
Wit h Our'appntus. The most troublesome difficulty has been frequent falure of
our pressure i'.lls. It is believed that the cell Is subjected to e ?trem* vibration by
the machine, especially with detonation of a sample. This vibration Is accentuw.ted
by the manncz~ In Web' the cell Is mounted, normal to the piston-cylinder aciso. A
frequent diffimuly Wa been the breuking of internal electrical connectlons Without
any apparent damage to the cell, externally. We have R smaller and more rugged
cell, now In use, provided by Plcatinny Arsenal. This cell has been operating for
over a month now, with no breaMrown. It Is apparently better able to stand Tfbra-
tion because od Its physical characteristics.

I'M EXPERIMENTAL DATA

The following single..presenre- lms; fs'Ating hnsa been accomplished during
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this report period. The prior stairesM-tesUng Is Inclmied with each samp!e con-

dition for compiLtenoue.

8TLBACK SENU-11--IT! 8TUD1M

Pmpelhnt 94tbek Time tr
Weit Te Prmure P mk Rate of Rise

_ _Result (j mal _(Psi/Mal

Tot 5- 1211 3/8 x 1/4 inch cavity, center of pellet, smooth M_mm, sad added.

Stairease Top"in

1 4.30 Negative 59700 2.0 29800
2 4.0 PO E 67600 1.7 98
3 4.10 POSlTVE 5M 1.9 28400
4 3.50 POSITIVE 4260 2.1 202005 2.75 Negative 38000 (esadmated)
6 3.50 Negative 47000 (estimated)
7 3.70 POSIT!VE 53400 1.8 29800
8 3.00 ative 39200 2.1 18700
9 3.70 P ITWlvE 51400 1.0 51400

10 3.10 Negative 41000 1.0 41000
11 3.60 Negative 49000 1.5 33000
12 4.30 Neative 59000 1.0 59000
13 5.00 POSITIVE 69200 1.0 6920
14 4.20 Negative 61600 1.0 6180015 5.00 Negative 71600 1.0 718016 5.00 Negative 71000 1.0 71000

incle - Promure Testin

17 3.40 POSITIVE 51000 1.0 51000
18 3.30 POSITIVE 48500 1.0 4500
19 3.20 POSITIVE 47800 1.0 47800
20 3.10 Negative 58000 1.0 58000
21 3, 10 POSITIVE 58000 1.0 58000
22 2.90 POSITVE 52000 (estimated)
23 2.70 Negative 45000 2.0 33000
24 2.75 Negative 46000 1.0 4000
25 2.75 Negative 46000 1.0 4600
26 2.80 POSITIVE 46000 2.0 23000
27 2.85 POSITIVE 49800 1.0 49800
28 2.80 POSITv9 47700 2.0 23900
29 2.79 POSITIVE 48000 1.0 48000
30 2.75 POSITIVE 47000 1.0 47000
31 2.75 POSITIVC 47000 3.0 15600
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Prlpelant Setback Time to
Wewg Test Pre ure Peak Rate d Rise

8ample aos Result')___

TestsTetifCbt

n 2. 7 5 wegate 47006 3.0 is00
33 2.75 Iseptive 47300 2.0 23700
34 2.75 PORIM 47500 1.0 47500
35 2.75 PWITIVE 471500 (eMaw)
36 2.75 POSIVE 41000 1.0 47000
37 L75 NeUtve 50500 3.0 17000
38 2.75 Negptive 47500 . 0 23800
39 2.75 Newtive 47500 1.0 47500
40 2.75 Negtlve 47100 . 0 2360
41 2.75 NegTive 47000 1.0 47000

Test 1? - 3111 1/4 !neh caviUee at center and end cf pellet, smoat @lee,
sand added

Strcase Testi v

1 4.80 POTIVE 65000 1.8 3M200
2 3.80 Neave 5080 2.0 15400
3 5.00 Negative 68600 1.8 38100
4 5.50 POSITIVE (See Note A)
5 5.50 POSITIVE 78800 1.3 66o
6 5.00 POEITTIE 8R400 1.6 428M0
7 4.05 POITvE 57100 2.1 27200
8 3.30 Negative 42900 2.8 15300
9 3.90 POSITIVE 55000 (ostmmated)

10 3.20 POSITIVE 46200 1.5 31000
11 2.70 Negative 38500 2.0 19200
12 3.10 Negtve 44000 1.0 44000
13 3.80 Negative 58200 1.0 58200
14 5.00 POSITIVE 70000 (estimate)
15 4.10 POSITIVE 58200 1.0 58200
16 3.20 POSITIVE 44500 1.5 30000

Sifle ,- ProuureTestng

17 2.80 Negative 41000 (estimated)
18 2.80 POSITIVE 41000 (estimated)

Confidenttal
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Prpolnt SetM,& rimo to
Wewt Tet Preesur Pek Rate of Rise

____ Resulo ."at 6"-- ("L qpmis)-.

19 2.o POWNS 41500 L0 41500
20 2.00 POSrMlVE 30700 1.0 30700
21 2.50 N1sPtvO 44700 L 0 A700

22 L41 teptiw 41100 1.0 41100
23 2.43 Netive 39100 2.0 10COO
34 2.40 Nes e 30900 1.0 39500
25 2.40 eptiw 40000 1.l 40000
26 2.40 Negatve 40000 .0 200OG
27 2.40 POiTIVE 30000 L0 39000
28 2.40 POSITIV 43300 1.0 43300
29 2. 40 POSITIVE 41000 2.0 20500
20 2.40 Negave 40000 3.0 13300
31 2.40 POSITIVE 40000 10 40000
32 2.40 POIToIE 40000 1.0 40000
33 2.40 N tlive 43300 1.0 43300
34 2, 40 POWS E 39700 2. 0 19900
35 2.40 POSITIVE 32000 2. 0 16000
36 2.40 POSITIVE 40000 1.0 40000
37 P. 40 POBITME 39400 1.0 39400
38 2.40 Negptive 30100 3.0 13000
39 2.40 Negative 40000 1.0 40000
40 2.40 NeWTove 40000 1.0 40000
41 2.40 Negative 40000 2.5 16000

Test 4 - 1122 1/4 x 1/4 inch cavity In cento. of pellet, rough sleeve, no sand added.

Stdasme Testing

1 3.10 meptive 44600 2.0 22300
2 4.05 Netv~re 65800 1.4 47000
3 4.60 Negative 79200 0.5 5 6 40)
4 5.00 POSITIVE 07800 0.5 177000
5 4.60 POSITIVE 72200 1.0 72200
6 4.00 POSITIVE 57400 2.0 28700
7 3.50 NeatIve 43600 1.4 31000
& 4.20 POSITIVE 71900 1.2 59900
9 3.80 Neptive 53000 1.5 35500

10 4. 80 Neptive 70000 (esttmated)
11 4.80 Negative 66000 1.0 66000
12 4.90 Ne"tMTve '7100 1.0 72700
13 4.90 Newtiv 70300 1. C 70300
14 4.90 Noptive 72700 1.0 72700
15 4.85 Ne"ve 72200 1.0 72200
16 4.80 Neptive 65200 1.0 65200



Propellant 
Setback Time toWeight Tet Pressmre Psk Rate ot RiseResult Awl I /La)

Taf4t (Q..)

8asl- Prenure TMU-n
17 36 NeatOve 44000 1.0 44C0018 Ne*-fr 43000 1.0 430001 2.70 NMFUve 4450 LO 4450020 S.10 Reeatve 52M 1.0 5220021 3.00 Notiuve 51200 2.0 2550022 1,95 NePUSve 49500 2.0 2480023 2.96 Neptive 50000 1.0 50024 1. 9 Negative 50000 2.0 2500026 2.96 NepU0ve 45500 1.0 4550026 2.96 Negative 50000 2.0 2500027 2. 98 Negative 48100 2.0 2400028 2. 96 Neptive 51200 2.0 2560029 2.98 Neptive 50000 2.0 2300030 2.98 Nepgtive 52000 2.0 2800031 2.98 NOe, 50000 2.5 2000032 2.98 Negative 50000 1.0 5000033 2.98 N-gatlve 50000 2.0 2500034 2.98 Negptive 50000 3.0 1670036 2.98 Negative 52000 3.0 1730036 2.96 Negative 50000 1.0 1700037 2.98 Negatve 50000 .5 2000038 2.96 NeaPtive 50000 2.0 2500039 2,96 Neptive 50000 3.0 1670040 2. 8 Negative 51300 2 70011 2.09 257002.96 Negative 50000 2. 0 25000Tat 13 -2211 3/8 x 1/4 inch cavity at one end of pellet, smooth sleeve, sund added.

1 3.80 POSITIVE 54800 1.0 548002 2.20 Neptive 30300 2.0 152003 3.60 POSITIVit 48300 1.0 483004 S. nO POTrVE 41100 2.0 205005 I.20 Negative 29100 2.5 117006 3.00 PC61Tvl 43700 2.0 219007 2.30 Negative 32200 2.5 129008 3.00 PCaIrrls 51200 1.0 512009 3.10 POgJFwE 38300 2.0 1900010 2.20 Negative 32700 1.5 21000
(', f"'sN :'.a
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Pirnellant setbmk Time to
?lei&t Test Presume Peak Rate e Rise

Sblrcax 1!5!n sCatnud)

11 3.20 Negative 49000 1.0 42000
12 4.36 POTVZ ON0 1.0 68400
13 3.80 POSITIVE 51000 }dmaw)
14 3.10 P WVE 3900 (estimat)
15 2.20 Neative 34000 2.0 17000
16 3.10 POR - 41000 1.0 41000

8thwle- Preaurl' Testing

17 2.00 Negative 32300 2.0 16100
1 2.00 Negative 32300 2.0 16100
19 2.00 Negative 31400 2.0 15700
20 2.00 Negtive 31200 3.0 10400
Z1 2.00 Neptive 32000 5.0 400
7.2 2.00 POsrrIvM 32000 (estimated)
23 2.00 Netive 32000 1.0 32000
24 2.00 NePtUve 32400 2.0 16200
25 2.00 Nepgtive 32000 2.0 16000
26 2.00 Negative 32600 2.0 16300
27 2.00 NePttve 31500 3.0 10500
28 2.00 Neative 32000 2.0 16000
29 2.00 Neptive 32000 5.0 6400
30 2.00 Neptive 31200 4.0 7800
31 2.00 Negative 32800 2.0 16400
32 2.00 . egatie 32200 2.0 16100
33 2.00 POerrIMV 30200 1.0 30200
34 2.00 Negativ 32500 5.0 00..V
35 3.00 Neptive 32200 A. 0 8500
36 2.00 Netive 32800 3.0 10100
37 2.00 Negative 28200 4.0 7000
38 2.00 Neptive 31400 2.0 1570C
39 2.00 Negative 31400 3.0 10500
40 2.00 Negative 29300 4.0 7300
41 2.00 Negative 32000 1.0 320%

Test 11.2121 1/4 x 1/4 iwh cavity at one end of pellet, rough sleeve, mane .. Jded.

Staircase Testing

1 430 Negative 51300 2.0 25700
2 5.00 PO SV 69200 1.3 532003 4.80 POSTV9B 65000 1.2 54100

~3d~A IS
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Propellant jetback Time to
Weil* Test Proemwre Peak Rate of Rise

Sbu e (cam)zO ( t). (p ,

4 4.oo POSVE am (timated)
5 4.00 E T aE 59000 (etMaWted)
6 4.00 PcournSV 62100 1.5 41400
7 3.50 POESIV 50800 1.2 4t2400
8 2.30 p mz 33200 2.6 12M00
1 1.80 NegatuT 230 15. 150o

to 2.40 Nepfve 31200 1.0 31200
t 27 90 PORTIWE 41600 1.0 42800

U 2.40 NOATve 31700 1.5 21500
13 2.85 POSFI'1 39600 1.0 3900
14 2.45 POSI1iVE 30800 1.0 30800
16 1.80 POSITIVE 21100 2.0 10500
16 L 0 Neattve 11100 5.0 2000

Slogle - Premure iestl

17 1.00 Negatve 6900 10.0 700
16 1.50 Neafive 26000 5.0 5200
19 1.25 Neative 17700 5.0 3500
20 1.20 Negative 16200 20.0 800
21 1.18 NepTve 11900 20.0 600
22 1.18 Negative 16200 10.0 1000
23 1.10 Negative 16300 5.0 3300
24 1.18 Negative 15000 11.0 1400
25 1.18 Negatlve 15200 7.0 2200
26 1 18 Negative 16700 5.0 3300
27 1.18 Negtive 15100 10.0 1500
28 1.18 Negtlve 15000 13.0 1100
29 1.18 Negative 15000 10. 0 1500
30 1.18 Negive 10200 8.0 2000
31 1.18 Negative 15200 5.0 3000
32 1.18 Negative 16500 5.0 3300
33 1.18 Negative 16700 7.0 2400
:4 1.18 Negative 17300 5.0 3400
35 1.18 Negative 18400 6.0 3000
36 1.18 Negative 17200 4.0 4303
37 1.15 Neative, 15000 12.0 1300
38 1.15 Ne&&±lve 14100 12.0 1200
39 1.15 Negative 16300 6.0 2700
40 1.15 Negative 16200 7.0 2200
41 1.15 Negative 15100 5.0 3000
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Propellant Setbac Time toWeigm Text Pressure Peak Rate of Rise
Result _ (ps )/ )

Test 26 - 4113 1/4 x 1/4 inch cavities at either end of pellet, smooth sleeve, no
sand added.

Starcse To"ln

1 4.70 POSITIVE e" (estimated)2 8.50 Nepti 42000 3.0 140003 4.50 Neative 84400 1.8 430004 4.70 POSITIVE 70400 1.0 704005 4.00 Negpve 54600 1.5 35700a 4.70 POSITIVE 81400 1.0 814007 4.00 Negative 58600 1.5 377008 4.70 POSITIVE 68500 1.0 685009 4.05 Negnlve 60300 1.0 6030010 4.65 Negatve 69500 1.0 6950011 4.65 Neptive 68200 1.0 6820012 4.70 Negative 66400 1.0 8640013 4.75 POSITIVE 73000 1.0 7300014 4.35 POSITIVE 67400 1.0 6740015 4.00 Negative 62000 1.0 8200016 4.40 POSITIVE 64200 1.0 64200
8Ingle- Pressue T eefini

17 2.94 iWeptive 49800 3,'0 1660018 2.93 Negative 5100 2.0 2550019 2.93 meuatve 48100 1.0 4810020 2.93 Negative 49000 2.0 2450021 2.93 Netitve 48100 3.0 1800022 2.93 Negative 47800 2.0 2380023 2.93 Negative 47600 3.0 1580024 2.94 Negtive 47000 2.0 2350025 2.94 Negative 41000 3.0 1360026 2.94 Negative 40000 2.5 1600027 2.96 Nepgtive 42000 1.0 4200028 2.98 POSITIVE 3000 2.0 1800029 2.98 Negtive 43300 2.0 2160030 3.00 Negative 43000 2.0 2150031 2.94 Negative A3000 2.0 2150032 3.00 Negative 43500 2.0 2270033 3.00 Negatiye 46500 2.0 2330034 3.00 Neptive 43200 2.0 218003.20 Negative 43700 2.0 21800
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Propellant Setback Time to
Weight Test Pressure Peak Rate d Rise

__ _ _ pi/in)

Single - Presse Tenting (Pont.)

SO 3.20 Neptive 45200 2.0 15000
37 3.40 Negative 45500 1.0 22700
38 2.93 Negtive 50100 2.0 23000
39 2.9a3 Negative 50200 ?. 0 25100
40 2.92 Neptive 50200 2. 0 25100
41 2.92 Negative 50200 . 0 25100

a addtion to the preceding single - pressure tests, we have completed a

series a control tests.

Control Test 33 - No cavities, smooth sleeve, sad added.

1 4.00 Neative 61300 1.0 61300
2 4.50 Negative 67700 1.0 67700
3 4.60 Neative 68200 1.0 68200
4 4.90 Negative 76000 1.0 76000
5 4.90 Negative, 74200 1.0 74200
6 4.70 Negative 671200 1.0 67200
7 4.80 Negative 72300 1.0 73300
8 4.80 Nepttre 75000 1.0 75000

Control Tes 3 4 - No cavities, smooth sleeve, no sand added.

1 4.70 Negative 68500 1.0 68500
2 4.80 Negative 72000 1.0 72000
3 4.70 NOgave 70000 (estimated)
4 4.70 Negative 70000 (estimated)
5 4.70 Negative 71200 1.0 71200
6 4.70 Negative 68200 1.0 68200
7 4.70 Negative 65000 1.0 65000
8 4.70 Nogatlve 68200 1.0 68200

Control Test 35 - No cavities, rough sleeve, sand added.

1 '4.00 POMZTWVE 90000 1.0 90000
2 3.00 Negative 41000 2.0 200O0
3 3.50 Netit~ve (;MOO 1.0 65000
4 3.55 Negative 65000 1.0 65000
5 4.00 Negative 73300 1.0 73300
6 3.57 Negative e800 1.0 68000
7 3.58 Nerid" - G0 2.0 32500
8 3.58 ,'iCC.Ar., ,) 2.0 32500
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Pro"eIt. Setback Time to
Weight Test Pressure Peak Rt.te od Rise

i trm)Result . .j(e/ )
Control Test 36 - No cavities, rough sleeve, no sand added.

1 3.50 Neptive 67000 1.0 67000
2 3.58 Neat" 69400 1.0 69400
3 3.59 Neative 67400 1.0 67400
4 3.60 Negative 69400 1.0 69400
5 3.60 Negative 68400 1.0 68400
6 3.60 Neptve 09200 1.0 69200
7 3.85 Negtve 85000 2.0 32500
8 3. 65 PceF1VE 70000 1.0 7000n

NOTE A:

In these tests, the pr~sur.tlme recnrd indlcats some abormality. The

osclilogrms show a high and rapid peak of pressure followed oy an unusuatly low

sustained chamber pressure, less than half that usually obtained by the same propell-

ant weight.

IV. MAN-HfOURS

A total of 54 1 man-hours has been expended on this contract during this2
report period.



DAI-19-020-501-ORr/-(r -69

DTRIBUTI1ON LIST

MOIrVILY PRQGRESS REPORTS

Qommaadft Offcer No. of Copies
Peatiuiy Arsnal
Dover, Now Jersey
Attn: Samfel Feltman Ammunition

Lhboratories, Contract Section 3

DUatW A Chie, Boston Oriuwnee Dtstrict
Army Base, Bostn 10, Mas.
Atta: Contracting Officer 1

Chid of Ordsmes, Dept. of the Army
Wishiwton 25, D. C. Attn: ORDTA I

Armed Services Technical Informatiou Agency
Document Service Center
Knott Bldg., Dayton 2, Ohio 2

Comandth Officer, P1catlnny Arsenal
Dover, N. J. Attn: Samuel Feitman Ammunition
Laboratoriee, High Explosives Section

Mr. P. B, Tweed 1

Armour Research Foundation
nltnois butitute Of Technology
Technical Center
Chicago 16, Illinois 1

Arthur D Little Inc.
30 Memorial Drive
Cambridge 42, Mass.
Attn.. Virginia Valeri

Dr. Walter C. McCrone, Jr.
500 East 33rd St.
Chicago 16, Illinois 1


